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Cooling System Having Independent Fan Location 

FIELD OF THE INVENTION 
5 The present invention relates generally to cooling systems and more 

particularly to cooling systems for use with integrated circuits (ICs) and printed 
circuit boards. 

BACKGROUND OF THE INVENTION 

10 As is known in the art, there is a trend to reduce the size of semiconductor 

devices, integrated circuits and microcircuit modules while at the same time having 
the devices, circuits and modules perform more functions. To achieve this size 
reduction and increased functionality, it is necessary to include a greater number of 
active circuits, such as transistors for example, in a given unit area. As a consequence 

15 of this increased functionality and dense packaging of active devices, such devices, 
circuits and modules (hereinafter collectively referred to as "circuits") use 
increasingly more power. Such power is typically dissipated as heat generated by the 
circuits. 

20 This increased heat generation coupled with the need for circuits to have 

increasingly smaller sizes has led to an increase in the amount of heat generated in a 
given unit area. To further exacerbate the problem, the cncuits are often densely 
mounted on printed circuit boards. 

25 This increase in the amount of heat generated in a given unit area has led to a 

demand to increase the rate at which heat is transferred away from the circuits in 
order to prevent the circuits from becoming damaged or destroyed due to exposure to 
excessive heat. To increase the amoimt of heat that such circuits can withstand, the 
circuits can iaclude internal heat pathways that chaimel or otherwise direct heat away 

30 from the most heat-sensitive regions of the circuits. 



Although this internal heat pathway technique increases the amount of heat 
which the circuits can withstand while still operating, one problem with this intemal 
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heat pathway technique is that the amount of heat generated hy the circuits themselves 
often can exceed the amount of self-generated heat which the circuits can successfully 
expel as they are caused to operate at higher powers. Furthermore, other heat 
generating circuit components mounted on printed circuit boards proximate the 
5 circuits of interest further increase the difficulty with which heat can be removed from 
heat sensitive circuits. Thus, to increase the rate at which heat is tratisferred away 
from the circuits, a heatsink is typically attached to the circuits. 

Such heatsinks typically include a base from which project fins or pins. The 
10 fins or pins are typically provided by metal extrusion, stamping or other mechanical 
manufacturing techniques. The heatsinks conduct and radiate heat away from the heat 
generating and thermally vulnerable regions of circuits. To further promote the heat 
removal process, fans are typically disposed adjacent the heatsink to blow or 
otherwise force air or gas through the sides of the fins or pins of the heatsink. 

15 

One problem with this approach, however, is that the amount of air or other 
gas which a fan or blower can force through the heatsink fins/pins is limited due to the 
significant blockage of gas flow pathways due to the fins/pins themselves. 
Furthermore, in a densely populated printed circuit board (PCB) or multi-circuit 

20 module (MCM), other circuit components and mechanical structures required to 
provide or mount the PCB or module present additional blockage to gas pathways and 
also limits the amount of gas flow through the heatsink thus limiting the effectiveness 
of the heatsink. Thus, the ability of such conventional heatsinks and heatsink fan 
assemblies is lunited and is not sufficient to remove heat as rapidly as necessary to 

25 ensure reliable operation of state of the art devices, circuits and modules having 
increased thermal cooling requirements. 

Another problem associated with earUer heat removal systems is that the gas 
supply source had to be in linear alignment with the device being cooled, and was 
30 typically provided along only a single side of the heat removal device. This further 
limits the ability to provide redundancy if one of the gas supply sources should 
malfunction. 
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It would, therefore, be desirable to provide a cooling system that is capable of 
removing an amomit of heat that is greater than the amount of heat removed by 
conventional cooling systems. Additionally, it would be desirable to provide the a 
cooling system which does not have a linear dependency requirement between the 
5 heatsink and the gas supply source so that the gas supply source could be positioned 
at any direction with respect to the heatsink, and such that redundancy for the gas 
supply source can be easily and effectively incorporated into the heat removal system. 

SUMMARY OF THE INVENTION 

10 In accordance with the present invention, a cooling system comprises a first 

heatsink adjacent a iBrst device and wherein a gas supply can be located to provide gas 
in any direction with respect to the heatsink. The gas supply may be realized as a fan, 
a blower, or a compressed gas source. The gas supply may be provided in any 
direction or in multiple directions. The heatsink is in thermal communication with a 

15 first heat-producing device such as a microprocessor. In a preferred embodiment the 
heatsink comprises a radial shaped folded fin heatsink arranged for axial flow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of this invention, as well as the invention itself, may be 
20 more fiiUy understood firom the following description of the drawings in which: 

Figure 1 is an isometric view side view of a first embodiment of a cooling 
system having independent fan location; 

Figure 2 is an isometric view of the cooling system of Figure 1 including a 
pair of blowers; 

25 Figure 3 is an isometric view of the cooling system of Figure 2 including a 

housing; 

Figure 4 is another embodiment of a cooling system having independent fan 
location including four blowers; 

Figure 5 is an isometric view of the cooling system of Figure 4 including a 
30 housing; 

Figure 6 is another embodiment of a cooling system having independent fan 
location including eight fans; and 
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Figure 7 is an isometric view of the cooling system of Figure 6 including a 
housing. 

DETAILED DESCRIPTION OF THE INVENTION 

5 Referring now to Figures 1-7 in which like elements are provided having like 

reference designations throughout the several views, a cooling system having 
independent fan location is shown in Figure 1. The cooling system 1 includes a first 
axial heatsink 10. While additional heatsinks are shown in this figure, the first axial 
heatsink can function itself as the cooling system having independent fan location. A 

10 cooling gas supply source, such as a blower, fan, or compressed gas source, can be 
provided to axial heatsink 10 from any direction, as long as he gas exiting the gas 
supply source impinges on the fins of the axial heatsink. In this particular 
embodiment, a pair of axial heatsinks 10 and 20 are provided disposed adjacent one 
another. Each of the heatsinks is thermally coupled to respective devices, and provide 

15 for removal of heat fi-om the devices. A sidewall of the heatsink fin may further 
include at least one aperture extending through the sidewall. The apertures may be 
provided in a predetermined pattern, shape and size to provide the desired cooling. 
The top edges of the fins may be closed, and the bottom edges of the troughs may also 
be closed, thereby allowing the fin/trough combination to act as a plenum. 

20 

Each axial heatsink may further include a thermally conductive member 12 
and 22. A first surface of the member is adapted to be in contact with an active 
portion of a heat-generating device (e.g. an mtegrated circuit). Thus the folded fin 
stock is wrapped around the member and is in thermal conununication with the 
25 member. Typically, the folded fin stock and member are provided firom tinned copper 
or aluminum. 

Ideally, the portion of the member in contact with the heat-generating device 
is provided having a shape that covers as much as possible the active area of the heat- 
30 generating device. In one embodiment, the member is machined flat and a thermal 
interface material is disposed on the surface of the member which will be in contact 
with the heat generating device. Thus, for example, in the case where the heat- 
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generating device is an IC which itself includes an internal heatsink, the member 
should cover the internal heatsink of the IC. 

Also, it may be desirable or necessary to provide folded fin members of the 
S heatsink as a single unitary piece or as more than one piece. The particular number of 
pieces fi'om which the first heatsink is provided may be selected in accordance with a 
variety of factors including but not limited to the particular application, the amount of 
heat which must be transferred away from heat generating devices, the amount of 
space available for mounting of the heatsink and other components, the particular 
10 material from which the heatsink pieces is provided, the particular manufacturing 
techniques used to fabricate heatsink and the cost of manufacturing the heatsink. 

In order to prevent the fms of the heatsinks from interfering with each other or 
otherwise overls^, a section 30 has been removed from each axial heatsink to allow 

15 the heatsinks to be mounted within frame 40. In the depicted embodiment a same 
amount of material (approximately 25 percent maximum for a selected set of fins) has 
been removed from each axial heatsink. In another embodiment the amount removed 
from one heatsink could be more than the amount removed from the other heatsink, 
especially if the heatsink having the most fin material removed was disposed on a 

20 device providing less heat than the device on which the other axial heatsink is 
disposed. Additionally, after the cut is made into the heatsink to remove some 
material, such as by using electric discharge milling (EDM), when the fins include a 
plxirality of holes such that the fins act as plenums, it is desirable to seal the open ends 
of the cut fins after they have been machined by the EDM procedure. 

25 

The particular embodiment shown in Figure 1 fiirther includes a pair of linear 
heatsinks SO and 60. Linear heatsinks 50 and 60 are coupled to respective second 
devices. While the linear heatsink is shown having a generally rectangular shape, 
other shapes could also be used. These linear heatsinks may be realized as standard 
30 folded fin heatsinks and in this embodiment are used to cool devices that provide 
power to the devices cooled by axial heatsinks 10 and 20. 
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The axial heatsinks 10, 20 and the hnear heatsinks 50,60 may be coupled to 
any type of integrated circuit package including, but not limited to, dual-in-line 
packages (DIP) leadless chip carriers, leaded chip carriers, flat packs, pin-grid arrays 
as well as other surface mount packages and small outline integrated circuit packages 
5 for surface-mounting. 

The heatsinks as shown and described herein may be disposed over a &st 
surface of an integrated circuit that is disposed on a printed circuit board. Disposed 
between a first surface of a circuit and a first surface of a heatsink is a sheet of a 
10 thermally conductive matrix material. The matrix material facilitates an extraction of 
heat firom the circuit to the heatsink. 

It should also be noted that in some applications it might be desirable to mount 
the circuit on the printed circuit board prior to placing the heatsink/thennally 
15 conductive matrix material assembly on to the circuit. It should also be noted that in 
some applications it might be desirable to apply the thermally conductive matrix 
material first to the surface of the circuit and then to mount the heatsink to the 
circuit/thermally conductive matrix assembly and then mount the assembly on the 
PCB. 

20 

Referring now to Figure 2, the assembly of Figure 1 is shown along with a pair 
of blowers 70 and 80. In a preferred embodiment, the blower comprises a "squirrel 
cage" type blower. Blower 70 and blower 80 are similar, however blower 80 has been 
mverted with respect to blower 70. As is knoAvn in the art, blowers typically have a 

25 non-uniform velocity profile at their output. Accordingly, blower 80 has been 
inverted in order to provide its maximum gas velocity directly to heatsink 20, since 
both blowers 70 and 80 are single-sided blowers. Alternately a left rotation blower 
and a right rotation blower could have been used. The distance between the blower 
and the axial heatsink is chosen to provide a more uniform flow to the heatsink. 

30 Blower 70 is arranged to provide cooling gas to heatsink 10 while blower 80 is 
disposed to provide cooling gas to heatsink 20. In the event that one of the blowers 
fails, non-uniform cooling would result as gas would leak back through the failed 
blower. 
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Referring now to Figure 3, the assembly of Figure 2 is shown further 
comprising a housing 90 disposed over the heatsinks. Housing 90 provides a cover 
extending from blowers 70 and 80, over the axial heatsinks (not shown) and over the 

5 linear heatsinks (not shown). Additionally, housing 90 may be provided with a 
plurality of vanes. The vanes may be located at a first end of the housing, where the 
blowers interface to the housing. Additionally vanes may be provided at an area of 
the housing that corresponds to the space between the axial heatsinks and the linear 
heatsinks. The vanes are designed to reduce the turbulence within the housing, 

10 prevent or reduce air boundary separation within the housing, and to maintain the 
velocity head pressure. The vanes minimize the discontinuities in the airflow through 
the housing. As a result, a high pressure, generally uniform stream of gas is provided 
through the housing. The vanes are preferably solid pieces having a smooth finish in 
order to minimiz e turbulence. Transition vanes may also be incorporated at the end of 

15 the housing. 

Housing 90 may fiirther include flapper valves at the first end thereof The 
gas stream resulting from an operational blower would keep the flapper valve in the 
open position. The flapper valves would be biased to a closed position when a blower 
20 fails, thereby preventing back leakage of cooling gas through the failed blower. 

Referring now to Figure 4, the assembly of Figure 2 is shown with two 
additional blowers 75 and 85. Due to the radial design of heatsinks 10 and 20, cooling 
gas can be provided from any direction. Accordingly, there is no linear relationship 
25 dependency between the blower(s) and the remainder of the assembly. 

The fact that the blowers can be positioned anywhere around the radial 

heatsinks provides great flexibihty in the design and layout of devices, as well as 

providing for redundancy. For example, blower 75 can be used as a redundant blower 

30 with respect to blower 70. Thus, if blower 70 malfimctions, blower 75 can be enabled 

and provide the same supply of gas as that provided by blower 70. Blower 85 can be 

used in a similar manner to provide redundancy for blower 80. Alternately, blowers 

70 and 80 could be used to provide redundancy for blowers 75 and 85 respectively. 

Additionally, all four blowers 70, 75, 80 and 85 can be used at the same time to 
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provide cooling gas to the heatsinks 10 and 20, Since the blowers can be provided in 
any direction adjacent to the heatsinks, multiple blowers can be easily and effectively 
implemented. 

5 Referring now to Figure 5, the assembly of Figure 4 is shown ftirther 

comprising a housing 95 disposed over the heatsinks. Housing 95 provides a cover 
extending from blowers 70, 75, 80 and 85, over axial heatsinks 10 and 20 and over 
linear heatsinks 50 and 60. Additionally, housing 90 may be provided with a plurality 
of vanes. The vanes may be located where the blowers interface to the housing. 

10 Additionally vanes may be provided at an area of the housing, which corresponds to 
the space between the axial heatsmks and the linear heatsinks. Transition vanes may 
also be incorporated at the end of the housing. 

Housing 95 may further include flapper valves at the blower interfaces. The 
15 air stream resulting from an operational blower would keep the flapper valve in the 
open position. The flapper valves would be biased to a closed position when a blower 
fails, thereby preventing back leakage of cooling gas through the failed blower. 

Referring now to Figure 6, a heat sink assembly is shown with a plurality of 
20 fans. The first plurality of fans 100 provides gas to the assembly. The second 
plurality of fans 110 removes gas from the assembly 1 . Multiple fans may be required 
to achieve the desired cooling. Fans could also be disposed about the sides of axial 
heatsinks 10 and 20. 

25 Figure 7 shows the assembly of Figure 6 further comprising a housing 120. 

Housing 120 provides a cover extending from the first plurality of fans 100, over axial 
heatsinks 10 and 20 and over linear heatsinks 50 and 60 and extending to the second 
plurality of fans 110. Additionally, housing 90 may be provided with a plurality of 
vanes. Housmg 95 may further include flapper valves at the fan interfaces. The air 

30 stream resulting from an operational fan would keep the flapper valve in the open 
position. The flapper valves would be biased to a closed position when a fan fails, 
thereby preventing back leakage through the failed fan. By use a plurality of fans, in 
the event one fan fails the system is not significantly affected since, due to the 
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combination of fan curves, only an approximately four percent reduction is realized in 
the event of a fan failure. 

Having described preferred embodiments of the invention it will now become 
5 apparent to those of ordinary skill in the art that other embodiments incorporating 
these concepts may be used. Accordingly, it is submitted that that the invention 
should not be limited to the described embodiments but rather should be limited only 
by the spirit and scope of the appended claims. 
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CLAIMS 

What is claimed is: 

5 1. A cooling system comprising: 

a first group of at least one heatsink; and 

a first gas supply disposed proximate said first group of at least one heatsink 
and positionable in any direction with respect to said first group of at least one 
heatsink, said gas supply capable of providing cooling gas to said first group of at 
10 least one heatsink. 

2. The cooling system of claim 1 wherein said first group of at least one heatsink 
includes a first heatsink and a second heatsink, said second heatsink disposed adjacent 
said first heatsink. 

15 

3. The cooling system of claim 2 wherein at least one of said first heatsink and 
said second heatsink have a section removed such that said first heatsink does not 
overlap with said second heatsink. 

20 4. The cooling system of claim 3 wherein first heatsink and said second heatsink 
has approximately the same amount of material removed therefirom. 

5. The cooling system of claim 1 wherein said first gas supply is selected from 
the group including fans, blowers and compressed gas sources. 

25 

6. The cooling system of claim 1 wherein at least one heatsink of said first group 
of at least one heatsink comprises a radial heatsink. 

7. The cooling system of claim 1 further comprising a second group of at least 
30 one heatsink, said second group of at least one heatsink disposed adjacent said first 

group of at least one heatsink. 
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8. The cooling system of claim 7 wherein at least one heatsink of said second 
group of at least one heatsink comprises a linear heatsink. 

9. The cooling system of claim 1 further comprising a housing disposed over at 
5 least a portion of said first group of at least one heatsink and extending to said first 

gas supply. 

10. The cooling system of claim 10 said housing further extends over at least a 
portion of said second group of at least one heatsink. 

10 

11. The cooling system of claim 9 wherein said housing includes at least one 
flapper valve disposed adjacent said first gas supply, said flapper valve movable 
between an open position when said first gas supply is providing gas to said first 
group of at least one heatsink and a closed position when said first gas supply is not 

15 providing gas to said first group of at least one heatsink. 

12. The cooling system of claim 1 further comprising a second gas supply, said 
second gas supply positionable in any direction with respect to said first group of at 
least one heatsink, said second gas supply capable of providing cooling gas to said 

20 first group of at least one heatsink. 

13. The cooHng system of claim 12 wherein said second gas supply is operational 
in the event said first gas supply becomes inoperable. 

25 14. The coohng system of claim 13 further comprising a housing disposed over at 
least a portion of said first group of at least one heatsink and extending to said first 
gas supply and said second gas supply. 

15. The cooling system of claim 1 wherein said second gas supply is selected from 
30 the group including fans, blowers and compressed gas sources. 

16. The cooling system of claim 14 wherein said housing further comprises: 
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a first group of at least one flapper valve disposed adjacent said first gas 
supply, said first group of at least one flapper valve movable between an open 
position when said first gas supply is providing gas to said first group of at least one 
heatsink and a closed position when said first gas sxipply is not providing gas to said 
5 first group of at least one heatsink; and 

a second group of at least one flapper valve disposed adjacent said second gas 
supply, said second group of at least one flapper valve movable between an open 
position when said second gas supply is providing gas to said first group of at least 
one heatsink and a closed position when said second gas supply is not providing gas 
10 to said first group of at least one heatsink. 

17. The cooling system of claim 1 fiirther comprismg a gas removal assembly 
disposed proximate said first group of at least one heatsink, said gas removal 
assembly capable of removing gas firom said first group of at least one heatsink. 

15 

18. The cooling system of claim 17 wherein said gas removal assembly comprises 
at least one fan. 



-12- 



wo 03/030608 



PCT/US02/31628 



1/7 




wo 03/030608 



PCT/US02/31628 




wo 03/030608 



PCT/US02/31628 




wo 03/030608 



PCTAJS02/31628 




wo 03/030608 



PCT/US02/31628 




wo 03/030608 



PCTAJS02/31628 




wo 03/030608 



PCTAJS02/31628 




INTERNATIONAL SEARCH REPORT 



tntemat ippUcatlon No 

PCT/US 02/31628 



A. CLASSIRCATION OF SUBJECT MATTER 

IPC 7 H05K7/20 H01L23/467 



According to International Patent Classificalion (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassincalion syslenn (oQowed by classification symbols} 

IPC 7 H05K HOIL 



Documentation searched other tlian minimum documentation to the extent that such documents are included in the fialds searched 



Electronic data base oonsuRed during the international search (name off data base and, where practical, search terms used) 

EPO-Internal 



0. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document wKh incfication. where appropriate, of the relevani passages 



Relevant to daim No. 



EP 0 702 405 A (MOTOROLA INC) 

20 March 1996 (1996-03-20) 

column 2, line 11 - line 24; figure 1 
column 3, line 3 - line 24; figure 4 

DE 199 08 160 A (SIEMENS AG) 
7 September 2000 (2000-09-07) 
column 5, line 40 - line 53; figure 1 

SB 2 354 316 A (LUCENT TECHNOLOGIES INC) 

21 March 2001 (2001-03-21) 

page 3, line 1 - line 27; figure 1 

US 6 179 046 Bl (WONG CHEN-JOW ET AL) 
30 January 2001 (2001-01-30) 
column 2, line 33 -column 3, line 38; 
figures 1A,1B,3A 

-/-- 



1-6.12, 
15 



1,5,7-10 



1,2, 

9-11,17, 
18 



1,5-7,9, 
10 



Further documents are listed In the continuation of box C. 



Patent family members are Isted in annex 



' Special categories of cited documents : 

'A' document deflnhg the general state of the art which is not 
considered to be of particular lelevance 

'E* earlier document but published on or after the international 
flling date 

"L' document wliich may throw doubts on priority clalm<s)or 
whicii is cited to establish the pubDcatlon date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibitioner 
other means 

■p* document published prior to the Intemaltonal filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not In conflict wilh the application but 
cited to understand Ihe principle or theory underlying the 
invention 

*X' document of particular relevance; the clalred invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is talcen alone 

'Y* document of particular relevance; the clalnned invention 
cannot be considered to involve an inventive step when ihe 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skiQed 
In the art 

document member of Ihe same patent fam'Iy 



Date of the actual completion of the internaiional search 



6 March 2003 



Date of mailing of the International search report 



13/03/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HVIRijswIjk 
Tel. (+31-70) 340-2040, Ix. 31 651 epo nl. 
Fax: (431-70) 340-3016 



Authorized officer 



Rubenowltz, A 



Fcim PC;r/ISA/3l0 (Gscond cheat) (July 1992) 



INTERNATIONAL SEARCH REPORT 



tntcm?*^^ — pplicatfon No 

PCT/US 02/31628 



C^continuation) documents considered to be relevant 



Category * Ctatlon of documem, wtih lndlcalion.v«lier8 appropitaie, o! the relsvani passages 



Relevant to dabn Ma 



US 3 305 704 A (JOSEPH BATTISTA) 
21 February 1967 (1967-02-21) 
column 2, line 31 - line 42; figure 1 

US 4 520 425 A (ITO EIZI) 

28 May 1985 (1985-05-28) 

column 3, line 26 - line 36; figure 6 

EP 0 817 555 A (SUN MICROSYSTEMS INC) 
7 January 1998 (1998-01-07) 
abstract 



1,2.5.6, 
9 



1.5,9. 
17,18 



1,12,13 



Fom PCT/ISA/21 0 (Mnllnual'an of sscond sheet) (July 1832) 



INTERNATIONAL SEARCH REPORT 

InfMnatlon on patent family members 



Interna Application No 

PCT/US 02/31628 



r^lail □OCUiTicni 


Kuoiicaiion 




□afonf fomth/ 
raleill lalillly 


ruDUCauOn 


cited in search report 


date 




menri>er(s) 


date 


EP 0702405 A 


20-03-1996 


US 


5582240 A 


10-12-1996 






BR 


9504030 A 


24-09-1996 






CN 


1125319 A ,B 


26-06-1996 






EP 


0702405 Al 


20-03-1996 






KR 


182794 Bl 


20-03-1999 






NZ 


280015 A 


27-07-1997 






ZA 


9507902 A 


29-04-1996 



DE 


19908160 


A 


07-09-2000 


DE 19908160 Al 


07-09-2000 


GB 


2354316 


A 


21-03-2001 


NONE 





US 6179046 81 30-01-2001 TW 458314 Y 01-10-2001 



US 3305704 


A 


21-02- 


-1967 


BE 


665915 A 


27-12-1965 










GB 


1045385 A 


12-10-1966 










NL 


6508154 A 


27-12-1965 


US 4520425 


A 


28-05- 


-1985 


OE 


3371026 Dl 


21-05-1987 










EP 


0103412 Al 


21-03-1984 


EP 0817555 


A 


07-01- 


-1998 


US 


5751549 A 


12-05-1998 










EP 


0817555 A2 


07-01-1998 










JP 


10068399 A 


10-03-1998 



Foim PCT/ISA/210 (patent lamlty annsx) (JuV 188S) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

JQ^COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



